I -INTRODUCTION
Yttria-Fully Stabilized Zirconia (Y-FSZ) was extensively examined /I-4/ as solid electrolyte for high temperature electrochemical devices, owing to its good ionic conductivity. It is commonly accepted that this conduction comes from the mobility of oxygen ions associated with structure defects of oxygen ion vacancies shown by Y-FSZ. This material is preferred to MgO or CaO-stabilized zirconia ceramics because they decompose to monoclinic simmmetry after prolonged heating at low temperature. Both grain boundary and bulk resistivity affect the conductivity of the material and the separation of the two components can be achieved experimentally by complex electrical impedance analysis. Grain boundary resistivity is often higher for inhomogeneous materials; it increases with the level of impurities located in t h a t region /5/ and with porosity /6/ and it decreases with increasing in the grain size /7/. The coprecipitation method is an interesting route to obtain very pure, fine and homogeneous powders, free from hard aglomerates assuring suitable microstructure and high density after firing at low temperature (1300°C) /8/. The aim of this work was to prepare high purity dense Y-FSZ at low temperature by coprecipitated powders and to measure the electrical conductivity of that material in order to verify how the procedure and the related microstructure affect the parameters considered.
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I1 -MATERIALS AND METHODS

Powder preparation and sintering
A coprecipitation method /9,10/ was used to prepare Y203 (6.5 M I ) stabilized zir-
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Fig. 1 -Impedance diagram of sintered material showing the "geometric" resistivity (first semicircle) and the grain boundary resistivity (second semicircle) at 400°C. The labels on the graph are the logarithm of the frequencies. conia powder. For this purpose the three fol lowing aqueous solutions were prepared: 1) 3.46 g of zirconium chloride (ZrC14) in 200 m1 of water; 2 ) 6.54 g of hydrated yttrium chloride (YC1 .6H 0) in 100 m1 of water;
3) about 120 m1 of 6M ammonium hydroxide ( N~~o H~.
Analytical-reagent grade products and doubly distilled water were always used. Owing to its highly exothermal reaction, the dissolution of zirconium chloride was made by pouring out the powder slowly into water which was continuously cooled. After that,yttrium solution was poured into zirconium solution and the mixture obtained into the ammonium hydroxide. Immediately an amorphous precipitate, with a volume close to the totai volume of the solution, was formed. The mixture was alternatively centrifuged and washed; centrifugation was carried out at about 5000 revs per minute for 15 minutes; finally the slurry was washed four times with water followed by two washings with ethyl alcohol, dried at 120°C for at least 24 hours and then calcined at 500°C for 30 minutes. Aft9r milling, a very fine, homogeneous and pure powder with a surface area of 96.8 m /g (average diameter about 10 nm) was obtained. X-ray analysis showed a powder consisting of mixed zirconium and yttrium oxide.Cylindrica1 samples (diameter about 25 mm, thickness about 3 mm) were pregared by dry pressing this powder at about 196 MPa. Tge green density was 2.2 g/cm (37% referred to a theoretical density of 5.99 g/cm 1. The firing temperature was 1300°C for 3 hours with heating rate gf about 10°C/min and the final density of the sintered bodies was about 5.70 g/cm (95%). Complex electrical impedance measurements were carried out in air cn sintered discs (diameter about 20 mm, thickness about 2 mm) in the range from 0.1 Hz to 1 MHz between 400 and 1200°C with very good reliability. The apparatus used was a Frequency Reponse Analyzer (Solartron mod. 1174) interfaced with a personal computer (H-P 85) and a plotter (H-P 7225). Using an appropriate program studied on purpose (Fiegna, A., unpublished work) it was possible to separate the contribution of the parasitic impedances of the system from the experimental data and to keep the potential difference at the electrodes constant (20f0.5 mV): the last one was obtained independently from the value of the cell impedance. The two faces of each specimen were polished and coated with a platinum conductive paste (*). The electrical contacts were obtained by platinum wires glued on the two surfaces of the disc. C*) Engel hard/Hanovia Brushing Platinum Paste 6082.
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F i g . 3 -Microstructure o f f r a c t u r e surface o f s i n t e r e d m a t e r i a l w i t h very f i n e and homogeneous g r a i n d i s t r i b u t i o n (A) and presence o f some agglomerates (B).
-RESULTS AND DISCUSSION
Figure 1 shows a t y p i c a l t r e n d (Nyquist p l o t ) o f t h e complex e l e c t r i c a l impedance a t 400 "C. The b u l k r e s i s t i v i t y (R ) and t h e g r a i n boundary r e s i s t i v i t y (R ) were gb c a l c u l a t e d as a f u n c t i o n o f t h e temperature u s i n g t h e e l e c t r i c a l model p r e v i o u s l y
r e p o r t e d i n l i t e r a t u r e /l l/. The r e s u l t s r e f e r r e d t o t h e most s i g n i f i c a n t temperatures are summarized i n Table 1. I t can be seen t h a t t h e g r a i n boundary r e s i s t i v i t y decreases w i t h t h e temperature more q u i c k l y t h a n t h e b u l k r e s i s t i v i t y . I n term o f c o n d u c t i v i t y t h i s means t h a t a t h i g h temperature t h e bulk charge t r a n s f e r mechanism dominates t h e process. The b u l k r e s i s t i v i t y i s always higher than t h e g r a i n boundary r e s i s t i v i t y . This confirms t h e r e s u l t s r e p o r t e d b y Badwal / 121, who found t h a t t h e g r a i n boundary r e s i s t i v i t y i s r e l a t i v e l y smal7 i n pure c r y s t a l l i n e m a t e r i a l . The Arrhenius p l o t s obtained using t h e g r a i n boundary ( G ),bulk ( c ) and t o t a l c o n d u c t i v i t y 6 are reported i n Figure 2 . As expe@ked from t h e theory /13/, t h e ~rrhenius(~pb%!s c l e a r l y show two d i f f e r e n t trends: t h e f i r s t one a t low tempe_rlat_yre (up t o 500 "C) d i s p l a y i n g an a c t i v a t i o n energy o f 107.4, 105.5 and 106.2 kJmol K (E E a n d E r e s p e c t i v e l y ) and t h e second one a t h i g h t e m p e r a t~r e -~( +eve 900 referMnigb)to an a c t i v a t i o n energy o f 34.0, 17.4 and 19.2 kJmol K (E E and E r e s p e c t i v e l y ) . Nevertheless i n t h i s case t h e break p o i n t ( zb; Ok "C) d0L2~fn~dt correspond t o t h e e u t e c t o i d temperature o f 600 'C, reported i n Ref ./l3/. This means t h a t the change i n the a c t i v a t i o n energy cuold be due t o a more complex phenomena than the c r y s t a l l o g r a p h i c transformation suggested i n Ref./l3/.
The meaning o f t h i s behaviour i s y e t unclear ahd i t i s d i f f i c u l t t o f i n d a d e f i n i t i v e explanation, so f u r t h e r i n v e s t i g a t i o n s should be u s e f u l .
As p o i n t e d o u t before, i n general, t h e g r a i n boundary r e s i s t i v i t y increases w i t h a decrease i n t h e g r a i n s i z e and an increase i n t h e p o r o s i t y and i m p u r i t i e s . I n t h i s case t h e low g r a i n boundary r e s i s t i v i t y means t h a t t h e small g r a i n s i z e o f our m a t e r i a l (Fig. 3A) i s l a r g e l y compensated b y t h e h i g h d e n s i t y obtained and the h i g h p u r i t y l e v e l o f t h e powder. Even i f an exaggerated g r a i n growth can be some times observed (Fig. 3B) , t h e method used i s u s e f u l t o o b t a i n a s u i t a b l e microstructure.
Using a coprecipitated powder we achieved a dense Y-FSZ, sintered at relatively low temperature (1300 "C), with good ionic conductivity and suitable microstructure. Two different activation energies for the charge transfer mechanism, in the range of temperature 400 -1200 "C, have been confirmed: the first one, at low temperature, depends on microstructure and secondary phase composition, while at high temperature the conductivity (mainly bulk conductivity) could be related to some lattice or vacancies concentration modification.
